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Description 

Medical Probe Apparatus With Enhanced RF, Resistance 
Heating, and Microwave Ablation Capabilities 



Technical Field: 

This invention is directed to unique apparatus and methods for 
penetrating body tissues for medical purposes such as tissue ablation and 
fluid substance delivery, for example. The device penetrates tissue to the 
precise target selected in order to deliver energy to the tissue and/or deliver 
substances. It limits this treatment to the precise preselected site, thereby 
minimizing trauma to normal surrounding tissue and achieving a greater 
medical benefit. This device is a catheter-like device for positioning a 
treatment assembly in the area or organ selected for medical treatment with 
one or more stylets in the catheter, mounted for extension from a stylet port 
in the side of the catheter through surrounding tissue to the tissue targeted 
for medical intervention. 

In particular, this invention is directed to a medical probe device with 
enhanced RF, resistance heating, and microwave ablation capabilities. 

Background Art 

Treatment of cellular tissues usually requires direct contact of target 
tissue with a medical instrument, usually by surgical procedures exposing 
both the target and intervening tissue to substantial trauma. Often, precise 
placement of a treatment probe is difficult because of the location of 
targeted tissues in the body or the proximity of the target tissue to easily 
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damaged, critical body organs, nerves, or otiier components. 

Benign prostatic hypertrophy or hyperplasia (BPH), for example, is one 
of the most common medical problems experienced by men over 50 years 
old. Urinary tract obstruction due to prostatic hyperplasia has been 
recognized since the earliest days of medicine. Hyperplastic enlargement of 
the prostate gland often leads to compression of the urethra, resulting in 
obstruction of the urinary tract and the subsequent development of 
symptoms including frequent urination, decrease in urinary flow, nocturia, 
pain, discomfort, and dribbling. The association of BPH with aging has been 
shown by the incidence of BPH in 50 percent of men over 50 years of age 
and increases in incidence to over 75 percent in men over 80 years of age. 
Symptoms of urinary obstruction occur most frequently between the ages of 
65 and 70 when approximately 65 percent of men in this age group have 
prostatic enlargement. 

Currently there is no nonsurgical method for treating BPH which has 
proven to be effective. In addition, the surgical procedures available are not 
totally satisfactory. Currently, patients suffering from the obstructive 
symptoms of this disease are provided with few options: continue to cope 
with the symptoms (i.e., conservative management), submit to drug therapy 
at early stages, or submit to surgical intervention. More than 430,000 
patients per year in the United States undergo surgery for removal of 
prostatic tissue. These represent less than five percent of men exhibiting 
clinical significant symptoms. 

Those suffering from BPH are often elderly men, many with additional 
health problems which increase the risk of surgical procedures. Surgical 
procedures for the removal of prostatic tissue are associated with a number 
of hazards including anesthesia related morbidity, hemorrhage, 
coagulopathies, pulmonary emboli and electrolyte imbalances. These 
procedures performed currently can also lead to cardiac complications, 
bladder perforation, incontinence, infection, urethral or bladder neck stricture, 
retention of prostatic chips, retrograde ejaculation, and infertility. Due to the 
extensive invasive nature of the current treatment options for obstructive 
uropathy, the majority of patients delay definitive treatment of their 
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condition. This circumstance can lead to serious damage to structures 
secondary to the obstructive lesion in the prostate (bladder hypertrophy, 
hydronephrosis, dilation of the kidney pelves, chronic infection, dilation of 
ureters, etc.), which is not without significant consequences. Also, a 
significant number of patients with symptoms sufficiently severe to warrant 
surgical intervention are therefore poor operative risks and are poor 
candidates for prostatectomy. In addition, younger men suffering from BPH 
who do not desire to risk complications such as infertility are often forced to 
avoid surgical intervention. Thus the need, importance and value of 
improved surgical and non-surgical methods for treating BPH are 
unquestionable. 

High-frequency currents are used in electrocautery procedures for 
cutting human tissue, especially when a bloodless incision is desired or when 
the operating site is not accessible with a normal scalpel but presents an 
access for a thin instrument through natural body openings such as the 
esophagus, intestines or urethra* Examples include the removal of prostatic 
adenomas, bladder tumors or intestinal polyps. In such cases, the high- 
frequency current is fed by a surgical probe into the tissue to be cut. The 
resulting dissipated heat causes boiling and vaporization of the cell fluid at 
this point, whereupon the cell walls rupture, and the tissue is separated. 

Ablation of cellular tissues in situ has been used in the treatment of 
many diseases and medical conditions alone or as an adjunct to surgical 
removal procedures. It is often less traumatic than surgical procedures and 
may be the only alternative where other procedures are unsafe. Ablative 
treatment devices have the advantage of using an electromagnetic energy 
which is rapidly dissipated and reduced to a non-destructive level by 
conduction and convection forces of circulating fluids and other natural body 
processes. 

Microwave, radio frequency (RF), acoustical (ultrasound) and light 
energy (laser) devices, and tissue destructive substances have been used to 
destroy malignant, benign and other types of cells and tissues from a wide 
variety of anatomic sites and organs. Tissues treated include isolated 
carcinoma masses in organs such as the prostate, and glandular and stromal 
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nodules characteristic of benign prostate hyperplasia. These devices 
typically include a catheter or cannula which is used to carry a radio 
frequency electrode or microwave antenna through a duct to the zone of 
treatment and apply energy diffusely through the duct wall into the 
surrounding tissue in all directions. Severe trauma is often sustained by the 
duct wall during this cellular ablation process, and some devices combine 
cooling systems with microwave antennas to reduce trauma to the ductal 
wall. For treating the prostate with these devices, for example, heat energy 
is delivered through the walls of the urethra into the surrounding prostate 
cells in an effort to ablate the tissue causing the constriction of the urethra. 
Light energy, typically from a laser, is delivered to prostate tissue target sites 
by "burning through" the wall of the urethra. Healthy cells of the duct wall 
and healthy tissue between the nodules and duct wall are also 
indiscriminately destroyed in the process and can cause unnecessary loss of 
some prostate function. Furthermore, the added cooling function of some 
microwave devices complicates the apparatus and requires that the device be 
sufficiently large to accommodate this cooling system. 

One prior art patent to Rosen et al, U.S. P. 5,150,717, issued 
September 29, 1992, discloses a microwave aided catheter which includes a 
coaxial transmission line with center and outer conductors and a dielectric 
sheath between them. The entire contents of this patent is incorporated 
herein by reference. 

Disclosure of the Invention 

It is one object of this invention to provide a device for penetrating 
tissue, through intervening tissues to the precise target tissue selected for a 
medical action such as tissue ablation and optional substance delivery, 
limiting this activity to the precise preselected site, thereby minimizing the 
trauma and achieving a greater medical benefit. 

It is another object of this invention to provide medical probe devices 
with augmented RF with optional resistance heating electrodes and methods 
for their application for selective ablation applications. 

It is a still further object of this invention to provide medical probe 



wo 95/18575 



PCT/US95/00009 



-5- 

devices vyith augmented, tunable microwave antennas for selective ablation 
methods. 

It Is still another object of this invention to provide medical probe 
devices with resistance heating, separately or together with microwave or RF 
ablation capabilities, or further, RF between the stylets. 

In summary, this invention relates to a medical probe apparatus 
for delivering ablative power to targeted tissue comprising a catheter having 
a stylet guide housing with at least one stylet port in a side thereof and 
stylet guide means for directing a flexible stylet outward through at least one 
stylet port and through intervening tissue to target tissue. The stylet is 
positioned in at least one of said stylet guide means where the stylet 
comprises an electrical central conductor which is enclosed within a 
dielectric sleeve. A conductive layer surrounds the dielectric sleeve to form 
a coaxial stylet device, with the coaxial stylet device terminated by an 
antenna being capable of emitting electromagnetic field energy so as deliver 
the ablative power to the targeted tissues. 

The electromagnetic field energy is preferably microwave energy, with 
the dielectric sleeve with its surrounding conductive layer being mounted for 
longitudinal movement on the electrical conductor to expose a selected 
portion of the electrical central conductor surface in the target tissue. 

One embodiment provides for the conductor being enclosed within a 
first dielectric sleeve,-such that the conductive layer surrounds the first 
dielectric sleeve to form a coaxial stylet device with a second dielectric 
sleeve surrounding said conductive layer. The coaxial stylet device 
terminated by an antenna is capable of emitting electromagnetic field energy 
to deliver the ablative power to the target tissues. 

Alternatively, the medical probe device could provide for the 
conductive layer, the resistive element, and the electrical center conductor to 
be in electrical series with said target tissue and the outside grounding 
electrode so as to establish a radio frequency current in the target tissue. 

In another embodiment, the medical probe apparatus includes a stylet 
positioned in a stylet guide, the stylet comprising an electrical central 
conductor with the conductor being enclosed within a dielectric sleeve, there 
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being a conductive layer partially surrounding the dielectric sleeve. This 
stylet device is capable of emitting microwave field energy to the target 
tissue* 

Another embodiment provides for a medical probe device wherein a 
stylet comprises an electrical central conductor, said conductor being 
enclosed within an insulating sleeve, and a resistive element surrounding the 
conductor forward of the insulating sleeve and at the distal end of said 
stylet. A conductive layer surrounds the insulating sleeve, said resistive 
element and the distal end of said central electrode, with the resistive 
element coupling the central conductor and the conductive layer generating 
joulian heat upon the application of electromagnetic signal power thereto, 
thereby delivering the ablative energy to said target tissue. The resistive 
element comprises a radio frequency resistive paste and the electromagnetic 
signal power is radio frequency energy, wherein the conductive layer 
comprises silver metal. 

Brief Description of the Drawings 

Fig. 1 is an isometric view of an RF ablation catheter embodiment with 
a fiber optic viewing accessory; 

Fig. 2 is a fragmented cross-sectional view of a preferred catheter tip 
and stylet guide housing of this invention; 

Fig. 3 is a distal end view of the catheter tip and style guide housing 
shown in Fig. 2; 

Fig. 4 is a proximal end view of the unassembled catheter tip and 
stylet guide housing shown in Fig. 2, showing the lumina for the components 
thereof; 

Fig. 5 is a schematic view of a stylet deployment into a portion of a 
prostate protruding into the urinary bladder; 

Fig. 6 is an exploded view of the RF ablation catheter shown in Fig. 1; 

Fig. 7 is an isometric view of the adjuster blocic and tension tube 
assembly of the RF ablation catheter shown in Fig. 6; 

Fig. 8 is a detailed view "A" of the tension tube connections shown in 

Fig. 7; 
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Fig. 9 is an exploded view of the sleeve and electrode slide block 
assembly of the embodiment shown in Fig. 6; 

Fig. 10 is a schematic view of a deployment of two stylets in a 
prostate showing a stylet orientation for overlapping ablation zone method; 

Fig. 11 Is a side cross-sectional view of a microwave antenna stylet 
assembly; 

Fig. 12 is a side cross-sectional view of an alternate embodiment of a 
microwave antenna stylet assembly; 

Fig. 13 is a proximal end view of another embodiment of a microwave 
antenna stylet assembly; 

Fig. 14 is a side cross-sectional view of the microwave antenna stylet 
assembly embodiment of Fig. 13; 

Fig. 15 is an isometric view of the microwave antenna stylet assembly 
embodiment of Fig. 13 and Fig. 14; 

Fig. 16 is a cross-sectional view of a radio frequency, resistive heating 
embodiment; 

Fig. 17 is a cross sectional view of an alternate embodiment of a radio 
frequency, resistive heating embodiment; and 

Fig. 18 is a proximal end view of the RF, resistive heating embodiment 
of Fig. 17. 

Best Mode for Carrying Out the Invention 

The device of this invention provides a precise controlled positioning 
of a treatment stylet in a tissue targeted for treatment, ablation or sampling 
from a catheter positioned in the vicinity of targeted tissues. 

The term "stylet" as used hereinafter is defined to include both solid 
and hollow probes which are adapted to be passed from a catheter port 
through normal tissue to targeted tissues. The stylet is shaped to facilitate 
easy passage through tissue. It can be a solid wire, thin rod, or other solid 
shape or it can be a thin hollow tube or other shape having a longitudinal 
lumen for introducing fluids to or removing materials from a site. The stylet 
can also be a thin hollow tube or other hollow shape, the hollow lumen 
thereof containing a reinforcing or functional rod or tube such as a laser fiber 
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optic filament. The stylet preferably has a sharpened end to reduce 
resistance and trauma when it is pushed through tissue to a target site. As 
will be hereafter described, the stylet can also include enhanced RF, 
resistance heating, and microwave apparatus, as well. 

The stylet can be designed to provide a variety of medically desired 
treatments of a selected tissue. As a resistance heater, radio frequency 
electrode, or microwave antenna, it can be used to ablate or destroy targeted 
tissues. As a hollow tube, it can be used to deliver a treatment fluid such as 
a liquid to targeted tissues. The liquid can be a simple solution or a 
suspension of solids, for example, colloidal particles, In a liquid. Since the 
stylet is very thin, it can be directed from the catheter through Intervening 
normal tissue with a minimum of trauma to the normal tissue. 

The method and apparatus of this invention provide a more precise, 
controlled medical treatment which is suitable for destroying cells of 
medically targeted tissues throughout the body, both within and external to 
body organs. The device and method are particularly useful for treating 
benign prostate hyperplasia (BPH), and the device and its use are hereinafter 
described with respect to BPH, for purposes of simplifying the description 
thereof. It will be readily apparent to a person skilled in the art that the 
apparatus and method can be used to destroy body tissues in any body 
cavities or tissue locations that are accessible by percutaneous or endoscopic 
catheters, and is not limited to the prostate. Application of the device and 
method in all of these organs and tissues are intended to be included within 
the scope of this invention. 

BPH is a condition which arises from the benign replication and growth 
of cells in the prostate, forming glandular and stromal nodules which expand 
the prostate and constrict the opening of the prostatic urethra. Glandular 
nodules are primarily concentrated within the transition zone, and stromal 
nodules within the periurethral region. Traditional treatments of this 
condition have included surgical removal of the entire prostate gland, digital 
removal of the adenoma, as well as transurethral resection of the urethral 
canal and prostate to remove tissue and widen the passageway. One 
significant and serious complication associated with these procedures is 
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iatrogenic sterility. More recently, laser treatment has been ennployed to 
remove tissue, limiting bleeding and loss of body fluids. Balloons have also 
been expanded within the urethra to enlarge its diameter, with and without 
heat, but have been found to have significant limitations. 

Microwave therapy has been utilized with some success by positioning 
a microwave antenna within the prostatic urethra and generating heat in the 
tissue surrounding the urethra with a microwave field. Coolants are 
sometimes applied within the catheter shaft to reduce the temperature of the 
urethral wall. This necessitates complicated mechanisms to provide both 
cooling of the immediately adjacent tissues while generating heat in the more 
distant prostatic tissue. This technique is similar to microwave hyperthermia. 
Similarly, radio frequency tissue ablation with electrodes positioned within 
the urethra exposes the urethral wall to destructive temperatures. To avoid 
this, temperature settings required to protect the urethra must be so low that 
the treatment time required to produce any useful effect is unduly extended, 
e.g. up to three hours of energy application. 

One embodiment of the device of this invention previously disclosed in 
a parent application uses the urethra to access the prostate and positions RF 
electrode stylets directly into the tissues or nodules to be destroyed. The 
portion of the stylet conductor extending from the urethra to targeted tissues 
is enclosed within a longitudinally adjustable sleeve shield which prevents 
exposure of the tissue adjacent to the sleeve to the RF current. The sleeve 
movement is also used to control the amount of energy per unit surface area 
which is delivered by controlling the amount of electrode exposed. Thus the 
ablation is confined to the tissues targeted for ablation, namely those causing 
the mechanical constriction. Other aspects of the invention will become 
apparent from the drawings and accompanying descriptions of the device 
and method of this invention. It will be readily apparent to a person skilled in 
the art that this procedure can be used in many areas of the body for 
percutaneous approaches and approaches through body orifices. 

Fig. 1 is an isometric view of an RF ablation catheter embodiment of 
this invention with a fiber optic viewing accessory. The flexible catheter 2, 
attached to handle 4, has a terminal stylet guide 6 with two stylets 8. The 
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handle has stylet sleeve tabs 10 and 1 1 and electrode tabs 12 and 13 as will 
be described in greater detail hereinafter. The handle 4 is also connected to 
a optical viewing assembly 14 and RF power connector 16, transponder 
connector 18 and thermocouple connectors 20. The portions of the catheter 
2 leading from the handle 4 to the stylet guide tip 6 can optionally have a 
graduated stiffness. For example, the catheter can be designed to be more 
stiff near the handle and more flexible near the tip, or any other stiffness 
profiles. The catheter can be constructed of an inner slotted stainless steel 
tube with outer flexible sleeve such as is described in copending application 
Serial No. 790,648 filed August 11, 1991 (corresponding to published 
Australian patent application Serial No. 9210858), the entire contents of 
which are incorporated herein by reference. It can also be made of coiled or 
braided wire to which an outer sleeve is bonded. 

The fiber optic viewing assembly in this embodiment includes a lens 
focusing assembly 22, a lens viewing assembly support connector 24 
assembly attached to a male quick disconnect connector 26 by flexible 
tubing 28. 

Fig. 2 is a fragmented cross-sectional view of a preferred catheter tip 
and stylet guide housing of this invention. The solid catheter tip 106 has a 
lateral depression or saddle 108 therein having a central axis approximately 
perpendicular to a plane through the central axis of the tip. The depression 
108 has a proximal wall 110. The depression 108 can extend up to 
approximately half of the thickness of the housing, but at least sufficiently to 
unblock the viewing surface of the viewing tip 112 of the fiber optic 114. 
The fiber optic viewing tip 112, when positioned at the opening in wall 110, 
provides a field of view with lateral margins 116 and a terminal margin 118. 
This includes the path of stylets extended outward through ports 120. 

Fig. 3 is a distal end view of the catheter tip and stylet guide housing 
shown in Fig. 2. The proximal end of depression 108 is split to form two 
projections or ears 122 and 124 which define a longitudinal or axial or 
longitudinal groove or saddle 126 extending from the depression 108 to the 
terminal tip 128 of the catheter 106. Groove 126 opens the field of view for 
the viewing tip 112 when in the solid line position shown in Fig. 2 and 
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permits extension of the fiber optic and its tip through the longitudinal 
groove to the dotted line positions 114' and 1 12\ In the latter position, the 
field of vision has side margins 130 and a terminal margin 132. This permits 
the operator to examine the inner duct surfaces ahead of the catheter tip. In 
an alternative embodiment, the groove 1 26 can be replaced with a hole in 
the end of the tip having a size and position to permit extension of the fiber 
optic 1 14 therethrough. 

The fiber optic 114 is positioned in a passageway 134 which Is 
sufficiently larger than the fiber optic to permit flow of flushing liquid around 
the fiber optic to the exit in wall 110. The flushing liquid flow clears debris 
from the viewing tip. The inner walls of the duct (not shown) surrounding 
the catheter tip 106 during use confine the liquid flow, so the liquid 
continues to pass over the fiber optic tip even when it has been advanced to 
the dotted line position. Return flushing liquid lumina 136 and 138 extend 
through wall 110 for constant removal of contaminated flushing liquid. 

Fig. 4 is a proximal end view of the unassembled catheter tip and 
stylet guide housing shown in Fig. 2, showing the lumina for the components 
thereof. The stylets are advanced and retracted through stylet lumina 140 
and 142 to the stylet ports 120. The fiber optic is advanced and retracted 
through fiber optic lumen 134. The contaminated flushing fluid is removed 
through flushing fluid return lumina 136 and 138. Temperature sensor lumen 
144 is used to house leads of a temperature sensor (not shown). 

Fig. 5 is a schematic view of a single stylet of Fig, 1 or 2 shown 
deployed to treat a portion of a prostate protruding into the urinary bladder. 
The solid catheter tip 196 is positioned at the end of the urethra 220. Cell 
proliferation in the upper end 222 of the prostate 224 has caused it to 
protrude into space normally occupied by the urinary bladder, pushing a 
portion of the bladder wall 226 into the cavity and forming a restriction 225 
beyond the end of the urethra. The stylet sleeve 206 and electrode 204 are 
extended at an angle of about 30° through the urethral wall into a portion of 
the protruded prostate, and RF current is applied to form the lesion 228. 
This will reduce the protruded prostate, promoting its retraction from the 
urethral wall and opening the restriction of the outlet end of the urethra. The 
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catheter having a desired angle can be selected from those having 
predetermined angles to precisely orient the stylet and effect precise 
penetration of prostate tissue which extends beyond the end of the urethra, 
for example. 

Fig. 6 is an exploded view of the RF ablation catheter assembly shown 
in Fig. 1. The upper handle plate 276 has two central slots 278 and 280 
through which the electrode control slides 10 are attached to respective left 
electrode slide block 282 and right electrode slide block 284. Sleeve control 
slides 1 2 and 1 3 are attached through outer slots 286 and 288 to respective 
left sleeve slide block 290 and right sleeve slide block 292. Fiber optic 
receptor housing 30 is mounted on the proximal surface of the upper handle 
plate 276. The electrical receptor 294 is received in respective cavities 296 
and 298 in the respective upper handle plate 276 and lower handle plate 300 
attached thereto. The lower handle plate 300 has a central cavity 302 
which accommodates the electrode and sleeve slide blocks and associated 
elements. 

Microswitch activator blocks 304 (only left sleeve block shown) are 
connected to the sleeve slide blocks 290 and 292. They are positioned to 
actuate the microswitches 306 when the respective sleeve block (and sleeve 
attached thereto) have been advanced. The microswitches 306 hold the 
respective RF power circuits open until the respective sleeves are advanced 
to a position beyond the urethra wall and into the prostate to prevent direct 
exposure of the urethra to the energized RF electrodes. Extension of the 
sleeve 5 mm beyond the guide is usually sufficient to protect the urethra. 

The tension-torque tube assembly 308 is mounted in the distal end of 
the housing in the receptor 310. 

Fig. 7 is an isometric view of the adjuster block and tension tube 
assembly 308 of the RF ablation catheter shown in Fig. 6. The torque tube 
312 extends from the torque coupler 314 through the twist control knob 316 
to the stylet guide 6. Bending flexure of the torque tube 312 during use 
lengthens the path from the handle to the guide tip 6. To prevent a resulting 
retraction of the stylet sleeve and electrode components when the torque 
tube 312 is flexed, a tension tube 318 having a fixed length and diameter 
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smaller than the inner diameter of the torque tube 31 2 is provided. The 
distal end of the tension tube 318 is securely attached to the stylet guide 6, 
and the proximal end 320 Is secured to the adjuster block 322, for example 
by an adhesive. The axial or longitudinal position of the adjuster block 322 
can be adjusted to insure the stylets are initially positioned just inside the 
outlet ports in the stylet guide 6. Torque coupler 314 is mounted on the 
coupler block 324, Twist control knob stop pin 326 extends into a groove 
(not shown) and limits rotation of the control knob 316. 

Fig. 8 is a detailed view "A" of the distal end tension tube connections 
of the tension tube shown in Fig. 7. The tension tube 318 is securely 
connected to the proximal end 328 of the stylet guide 6, for example by a 
length of shrink tubing 330. 

Fig. 9 is an exploded view of the sleeve and electrode slide block 
assembly of the embodiment shown in Fig. 6. The right sleeve slide block 
292 has a projection 332 which extends inward under the right electrode 
slide block 284. Right sleeve connector 334 is mounted to the inner end of 
the projection 332, secured to the end of the proximal end of the sleeve 
336. Right electrode connector 338 is attached to an inner surface of the 
electrode slide block 284 and is secured to the proximal end of electrode 
340. The right sleeve and electrode slide blocks 292 and 284 are slidingly 
attached to the right friction adjustment rail 342 by screws (not shown) 
through slots 344 and 346, the screws being adjustable to provide sufficient 
friction between the blocks and the rail 342 to provide secure control over 
the stylet movement. The left sleeve slide block 290 and left electrode slide 
block 282 are mirror replicas of the right blocks and are similarly mounted on 
the left friction rail 344. The left sleeve and electrodes are not shown. 

Fig. 10 is a schematic view of a deployment of two stylets in a 
prostate showing stylet orientation for overlapping ablation zone method of 
this invention. For purposes of illustration but not by way of limitation, the 
prostate has been selected for this explanation, and application of this 
method and assembly to other areas of the body are intended to be included. 

The tissues to be treated for the treatment of BPH are located in the 
transition zone 428 of the prostate. A catheter of this invention 430 has 
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been inserted up the urethra 432 to a position adjacent the prostate. Two 
stylets 434 and 436 have been passed through the urethra wall 432 through 
forward movement of tabs 10 and 12 (Fig« 1) and through surrounding tissue 
Into targeted tissues. The non-conducting sleeves 438 and 440 have been 
retracted by rearward movement of sleeve tabs 1 0 to expose a portion of the 
respective electrical conductors 442 and 444 at the end of each stylet. The 
angle between the axes of the stylets in this embodiment, "g", is less than 
180°, preferably less than 110°. For most overlapping ablations, angles of 
15° to 90°, and more usually from 20° to 70° are most practical. A 
grounding plate (not shown) is placed on the body exterior. 

When electrodes 442 and 444 are supplied with RF current, the circuit 
from the electrodes to a grounding plate is closed. The current density 
flowing through the tissue passes through targeted tissues to be treated, 
creating lesions having the approximate cross-sectional shape of overlapping 
zones 446 and 448. The current density rapidly decreases as a function of 
distance, limiting the size of the lesions. In this manner, lesions can be 
caused to overlap to form a larger lesion, increasing the efficiency of the 
treatment. It will be readily apparent that these processes can be carried out 
concurrently, as described, or sequentially, and these variations are intended 
to be included in this invention. 

Fig. 11 is a side view of a stylet assembly 800 which comprises a 
center electrode 805, an insulating or dielectric sleeve 803 completely 
surrounding the electrode 805, and another conductor layer 801 surrounding 
the insulator 803. This layer could be a conductive coating, metal braid, 
sleeve, or other type of layer including a sheath. Dielectric sleeve 807 
supports the stylet electrode 805 and insulator 803 in the catheter as 
described hereinbefore for Figs. 1 to 10. In Fig. 11, the sleeve 807 is of 
insulating material. The metallic or conductive layer 801 as an outer 
conductor, with electrode 805 as the inner conductor, layer 801 and 
electrode 805 separated by insulator 803 comprise the coaxial line delivering 
microwave energy to the antenna, which is the extension portion of 
electrode 805. 

U.S. Patent 5,150,717 to Rosen et al, issued September 29, 1992, 
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cited above, discloses a microwave aided balloon angioplasty device with a 
guide filament. This patent suggests that a typical catheter utilizes a central 
conducting electrode 805 with a dielectric sleeve 803 made of polyvinyl 
chloride (PVC), and the outer conductive layer may be a conductor or a 
conducting sheath in typical coaxial cable configuration. 

The microwave frequency signals are applied to central electrode 805 
and the conductor layer 801 after the electrode has been extended Into the 
intended tissue as described above in conjunction with Figs. 1 to 10. The 
further the distance that the electrode 805 is extended into the tissue, the 
larger the area that can be affected by the applied signal. Field 81 1 can be 
seen in Figure 11 to be radiating away from electrode 805 and conductor 
layer 801 and operating as a microwave antenna. By adjusting the length of 
electrode 805 extending out from dielectric 803 and the conductor layer 
801, the operator is able (1) to control the output microwave frequency, for 
example, from 915 MHz to 2.45 GHz; (2) to vary the volume of tissue to be 
ablated; and (3) to fine-tune the antenna to the load (here a prostate gland). 
The desired effect is to raise the temperature of the affected tissue to 45 °C 
or more to cause internal lesions which will eventually be absorbed by the 
body and reduce the prostatic pressure on the urethra. Because the length 
of the extension of the electrode 805 beyond the edge of the dielectric 803 
and conductor 801 is adjustable by the operator, the amount of microwave 
field energy emitted into the surrounding tissue can be carefully modulated 
and monitored. 

Fig, 12 is a side view of a stylet assembly 700 which comprises a 
center electrode 705, an insulating or dielectric sleeve 703 completely 
surrounding the electrode 705, and another conductor layer 707 surrounding 
the insulator 703. The conductor layer 707 is the sleeve of the stylet that 
supports the conductor as it is deployed. This layer could be a conductive 
coating, metal braid, sleeve, or other type of layer including a sheath, but 
generally would be an elongated cylindrical tube of flexible metal. The 
metallic or conductive layer 707 as the outer conductor, with electrode 705 
as the inner conductor, and separated by insulating sleeve 703 comprise the 
coaxial line delivering microwave energy to the antenna, which is the 
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extension portion of electrode 705. 

The stylet assembly 700 operates in a similar manner to the stylet 
assembly in Fig. 11. The stylet assembly, including the center electrode 
705, insulating layer 703, and conductive sleeve 707, is carried inside a 
catheter as explained above in earlier figures when inserted into a body 
canal, such as a urethra. When the catheter is in place adjacent to the 
prostate tissue to be ablated, the stylet assembly 700 is deployed out from 
the catheter and passes through the urethra. Further deployment of the 
stylet places the tip 705 of the stylet assembly 700 in the immediate vicinity 
of the prostate tissues to be ablated. The electrode 705 is then further 
deployed into the selected tissue and energized with the requisite amount of 
microwave energy. As described earlier, the resultant energy emitted from 
the distal end of stylet assembly 700 into surrounding tissue heats the tissue 
above about 45°C which reduces the mass of the selected tissue. By 
adjusting the length that the electrode 705 extends out beyond conducting 
layer 707, the operating physician can alter the frequency of the emitted 
signal, adjust the amount of tissue to be destroyed, and compensate for the 
changing load as the tissue is ablated. 

Fig. 13 is an end view of a stylet assembly of an embodiment which is 
a combination of Figs. 11 and Fig. 12. Fig. 11 includes the center electrode 
805 surrounded by a conductive layer 801 and separated by insulating layer 
803, the sleeve 807 being a dielectric, or non-conducting sleeve. Figure 12 
includes the center conductor 705 surrounded by the dielectric layer 703, 
where the outer conductor is the sleeve 707 itself. In Figs. 13, 14 and 15, 
sharpened stylus tip 901 is shown extended out beyond the dielectric layer 
903. In this embodiment, however, the layer 903 has had deposited on it, or 
braided around it, or by some other manner, a metallized (i.e., conductive) 
layer 905. Metal guide 907 is the sleeve, which in this embodiment is 
conductive, i.e., metallic, while in other embodiments described above it is 
insulating, or comprised of a dielectric or non-conductive material. In this 
embodiment, both the center conductor 901 and the dielectric layer 903 with 
associated conductive layer 905 are deployed into target tissue. That is, 
after the stylet 901 is advanced via use of its sharpened tip into target 
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tissue, the dielectric sleeve 903 with accompanying conductive layer 905 
can be advanced so as to fine tune the applied nnicrowave frequency, applied 
power level, or load upon the system as a whole. Conductive sleeve 907 in 
this embodiment can also act as the return electrode for microwave 
transmission line purposes if the stylet electrode 901 is advanced into target 
tissue only far enough so that none of the dielectric layer 903 exposes its 
joint conductive layer. 

Fig. 16 illustrates still another embodiment of the present invention. 
Central electrode 965 is controllable in and out from the stylet assembly 960 
by the operator. Surrounding the center electrode 965, except for the 
leading edge thereof at the distal end, is insulating or dielectric layer 967. 
Replacing the last part of the insulating layer 967 is a resistive layer 963. 
This layer 963 can comprise a resistive layer, paste, or film, the resistive 
value of which being controlled by the thickness of the layer, or the 
composition of the layer, such as, comprising a predetermined percentage of 
metallic particles, carbon, or boron, for example. Surrounding the insulating 
area 967 and the resistive layer 963 at the forward edge of insulating layer 
967 is conductor layer 961 . 

This embodiment utilizes the effects of radio frequency signals. The 
applied signal is applied between central electrode 965 and conductive layer 
961 after deployment of electrode 965 into target tissue. The RF current 
would flow via the center electrode 905 and conductive layer 961 partially 
through the resistive layer 963. This causes localized heating of the desired 
tissue to be ablated. However, if there is no return connection to conductive 
layer 961 in the stylet assembly 960, but a return is provided by an external 
body grounding plate, then there are two heating effects. One effect being 
the localized heating effect of the resistive layer 963, and the other effect 
being that of the RF current flowing through the targeted tissue. Typical 
values include four watts of applied power with about 60°C being the 
temperature of the electrode 965. 

It is possible, of course, to apply microwave frequency power to the 
device shown and described in conjunction with Figure 16 to effect local 
resistive heating and microwave field ablation. 



wo 95/18575 



PCT/liJ[;95/C00U9 



-18- 

With regards to Figures 11, 12, and 13, the central electrode can be 
deployed by the operator as far as the electrode tabs 12 and 13 allow (see 
Fig. 1). The extra electrical lead for the conducting sheath could be provided 
for in the same channels as provided for the RF power connector 1 6, 
transponder, connector 18, or thermocouple connectors 20. 

An alternative to the embodiment of Fig. 16 is discussed in 
conjunction with Figs. 17 and 18. Fig. 17 Is a side view of stylet assembly 
1000. Sleeves to accompany the stylet are not shown in this figure but 
would be similar to conductive or non-conductive sleeves shown and 
described in earlier figures. Stylet assembly 1000 is constructed to form a 
coaxial cable. That is, there is an inner conductor 1002 surrounded radially, 
and directly in front of, at its distal end, an outer conductor, separated at the 
end of the assembly 1000 by an RF resistance material 1006. This material 
could be the same RF layer, paste, or film 903 as seen above in Fig. 16. 
That is, at RF or other applied frequencies, the current flowing between the 
inner conductor 1002 and the outer conductor 1004 would heat up the RF 
resistive layer 1006. By adjusting the frequency and power of the applied 
signal, the amount of heat radiated by the stylet assembly 1000 can be 
modulated or adjusted. Immediately behind the RF resistive material 1006 is 
insulating or dielectric material 1008 to space the inner and outer conductors 
apart to prevent shorts from occurring by an accidental touching of the outer 
conductor by or with the center conductor electrode. 

The stylet assembly 1000 in Fig. 17 is shown rounded at the distal 
end thereof, but It could be made sharper if this conductor is going to pierce 
through tissue to target tissue. 

Fig. 18 is a view of the cable shown in Fig. 17 from the proximal end 
thereof. Inner conducting needle 1002 is surrounded by the dielectric non- 
conductive material or sleeve 1006. The metallized outer conductor 1004 is 
comprised of the metal silver or other appropriate conductor, while the 
dielectric sleeve 1006 could comprise well known plastics, ceramics, etc. 
The RF resistance material 1006 could comprise a paste which includes 
carbon particles, etc., for example. 

Although preferred embodiments of the subject invention have been 
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described in some detail, it will be understood by those skilled in the art, that 
obvious variations can be made herein without departing from the spirit and 
scope of the invention as defined by the appended claims. 
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CLAIMS: 

1 . A medical probe device for delivering ablative power to targeted 
tissue comprising a catheter having a stylet guide housing including at least 
two stylet ports in a side thereof and stylet guides for directing a flexible 
stylet outward through each stylet port and through intervening tissue to 
said targeted tissue, a stylet positioned in each of said stylet guides, the 
stylets comprising electrical conductors, each said conductor being enclosed 
within a non-conductive sleeve, the electrical conductors being radio 
frequency electrodes, the electrical conductors being connected to a power 
supply for adjusting the frequency of power supplied to the electrodes to a 
value which reduces impedance loss between the electrodes, thereby in- 
creasing the ablation power delivered to said target tissue. 

2. The medical probe device of Claim 1 wherein said non-conductive 
sleeves are each mounted for longitudinal movement on the respective 
electrical conductors to expose a selected portion of the electrical conductor 
surface in the target tissue. 

3. The medical probe device of Claim 1 wherein said radio frequency 
energy also flows from said electrical conductors through said 

targeted tissue to a separate grounding apparatus. 

4. The medical probe device of Claim 1 wherein said radio frequency 
energy also flows from one of said electrical conductors through said 
targeted tissue to a separate grounding apparatus. 

5. A medical probe apparatus for delivering ablative power to targeted 
tissue comprising a catheter having a stylet guide housing with at least one 
stylet port in a side thereof, stylet guide means for directing a flexible stylet 
outward through at least one stylet port and through intervening tissue to 
said target tissue, a stylet positioned in at least one of said stylet guide 
means, said stylet comprising an electrical central conductor, said conductor 
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being enclosed within a dielectric sleeve, a conductive layer surrounding said 
dielectric sleeve with the center conductor protruding to form a coaxial stylet 
device, said coaxial stylet device comprising an antenna capable of emitting 
electromagnetic field energy so as deliver said ablative power to said target- 
ed tissues. 

6. The medical probe apparatus as set forth in Claim 5 wherein said 
electromagnetic field energy is microwave energy. 

7. The medical probe device as set forth in Claim 5 wherein the 
dielectric sleeve is mounted for longitudinal movement on said electrical 
conductor to expose a selected portion of the electrical central conductor 
surface in the target tissue. 

8. The medical probe apparatus as set forth in Claim 5 wherein said 
electromagnetic field energy is radio frequency energy, 

9. A medical probe apparatus for delivering ablative power to target 
tissue comprising a catheter having a stylet guide housing with at least one 
stylet port in a side thereof, stylet guide means for directing a flexible stylet 
outward through at least one stylet port and through intervening tissue to 
said target tissue, a stylet positioned in at least one of said stylet guide 
means, said stylet comprising an electrical central conductor, said conductor 
being enclosed within a first dielectric sleeve, a conductive layer surrounding 
said first dielectric sleeve to form a coaxial stylet device, a second dielectric 
sleeve surrounding said conductive layer, said coaxial stylet device 
comprising an antenna capable of emitting electromagnetic field energy so as 
deliver said ablative power to said target tissues. 

10. The medical probe apparatus as set forth in Claim 9 wherein said 
electromagnetic field energy is radio frequency energy. 

1 1 . The medical probe apparatus as set forth In Claim 9 wherein said 
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electromagnetic field energy is microwave energy. 

12. Tlie medical probe apparatus as set forth in Claim 9 wherein said 
first dielectric sleeve with said conductive layer is mounted for longitudinal 
movement on said electrical conductor to expose a selected portion of the 
electrical conductor surface in the target tissue to control the output fre- 
quency of the emitted electromagnetic field energy. 

13. The medical probe device as set forth in Claim 9 wherein said 
second dielectric sleeve is mounted for longitudinal movement on the 
conductive layer surrounding said first dielectric sleeve to expose a selected 
portion of said stylet in said target tissue. 

14. A medical probe apparatus for delivering ablative energy to 
targeted tissue comprising a catheter having a stylet guide housing with at 
least one stylet port in a side thereof, stylet guide means for directing a 
flexible stylet outward through at least one stylet port and through 
intervening tissue to said targeted tissue, a stylet positioned in at least one 
of said stylet guide means, said stylet comprising an electrical central 
conductor, said conductor being enclosed within an insulating sleeve, a 
conductive layer surrounding said dielectric sleeve to form a coaxial stylet 
device, a resistive element coupling said electrical central conductor and said 
conductive layer generating joulian heat radiation upon the application of 
electromagnetic signal power thereto, thereby delivering said ablative energy 
to said targeted tissues. 

15. The medical probe apparatus as set forth in Claim 14 wherein 
said electromagnetic signal power is radio frequency energy. 

16. The medical probe device as set forth in Claim 15 wherein said 
resistive element receives said radio frequency energy to generate heat 
which radiates to said target tissue. 
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17. The medical probe apparatus as set forth in Claim 14 wherein 
said electromagnetic signal power is microwave energy. 

18. The medical probe device as set forth in Claim 14 wherein said 
conductor layer and said dielectric sleeve are mounted for longitudinal 
movement on said electrical conductor to expose a selected portion of the 
electrical central conductor surface in the target tissue. 

19. The medical probe apparatus as set forth in Claim 18 wherein 
said electromagnetic signal power is radio frequency, and said exposed 
portion of said electrical central conductor functions as an RF current probe 
in said targeted tissue. 

20. The medical probe apparatus as set forth in Claim 19 wherein the 
RF current density in said targeted tissue changes as more of said 
electrical central conductor is exposed in said targeted tissue. 

21. The medical probe apparatus as set forth in Claim 18 wherein 
said electromagnetic signal power is microwave energy, and said exposed 
portion of said electrical central conductor and said conductive layer on said 
dielectric sleeve function as a microwave antenna in said targeted tissue. 

22. The medical probe apparatus as set forth in Claim 21 wherein the 
frequency of said microwave energy decreases as more of said electrical 
central conductor is exposed in said targeted tissue. 

23. A medical probe apparatus for delivering ablative power to target 
tissue comprising a catheter having a stylet guide housing with at least one 
stylet port in a side thereof, stylet guide means for directing a flexible stylet 
outward through at least one stylet port and through intervening tissue to 
said target tissue, a stylet positioned in at least one of said stylet guide 
means, said stylet comprising an electrical central conductor, said conductor 
being enclosed within a dielectric sleeve, a conductive layer surrounding said 
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dielectric sleeve, a conductive sleeve surrounding said conductive layer, said 
stylet comprising an antenna capable of emitting electromagnetic field energy 
so as deliver said ablative power to said target tissue. 

24. The medical probe apparatus as set forth in Claim 23 wherein 
said electromagnetic field energy is radio frequency energy. 

25. The medical probe apparatus as set forth in Claim 23 wherein 
said electromagnetic field energy is microwave energy. 

26. The medical probe apparatus as set forth in Claim 23 wherein 
said conductor layer and said dielectric sleeve are mounted for longitudinal 
movement on said electrical central conductor to expose a selected portion 
of the electrical central conductor surface in the target tissue to tune the 
output frequency of the emitted electromagnetic field energy. 

27. The medical probe device as set forth in Claim 24 wherein said 
conductive sleeve is mounted for longitudinal movement on the conductive 
layer surrounding said dielectric sleeve to expose a selected portion of said 
stylet. 

28. A medical probe device for delivering ablative heat energy to 
target tissue comprising a catheter having a stylet guide housing with at 
least one stylet port in a side thereof, stylet guide means for directing a 
flexible stylet outward through at least one stylet port and through 
intervening tissue to said target tissue, a stylet positioned in at least one of 
said stylet guide means, said stylet comprising an electrical central 
conductor, said conductor being enclosed within an insulating sleeve, a 
resistive element surrounding said conductor, forward of said insulating 
sleeve and at the distal end of said stylet, a conductive layer surrounding 
said insulating sleeve, said resistive element and the distal end of said central 
electrode, said resistive element coupling said central conductor and said 
conductive layer to generate joulian heat upon the application of electro- 
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magnetic signal power thereto, thereby delivering said ablative energy to said 
target tissue. 

29. The medical probe device as set forth in Claim 28 wherein said 
resistive element comprises a radio frequency resistive paste and the 
electromagnetic signal power is radio frequency energy. 

30. The medical probe device as set forth in Claim 29 wherein said 
conductive layer comprises silver metal. 
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AMENDED CLAIMS 

[received by the International Bureau on 19 May 1995 (19^05.95); 
original claims 1-30 replaced by amended claims 1-24 (5 pages)] 

1 . A medical probe systenn for delivering ablative power to target 
tissue, comprising a catheter having at least two stylet ports in a side thereof, 
at least two electrically conductive stylets disposed within the catheter and 
having sharp distal tips for puncturing tissue, means for advancing the stylets 
outwardly through the stylet ports and through intervening tissue to the target 
tissue, means for applying radio frequency power to the electrically 
conductive stylets so that the stylets function as radio frequency electrodes 
to pass radio frequency current through the target tissue, and means for 
adjusting the frequency of the power applied to the electrodes to reduce 
impedance loss between the electrodes and increase the ablative power 
delivered to the target tissue. 

2. The medical probe system of Claim 1 further including non- 
conductive sleeves mounted for longitudinal movement relative to the 
electrically conductive stylets to expose selected portions of the stylets in the 
target tissue. 

3. The medical probe system of Claim 1 further including an 
electrically grounded element positioned to receive radio frequency current 
passing through the target tissue from at least one of the electrodes. 

4. A medical probe for delivering ablative power to target tissue, 
comprising a catheter having at least one stylet port in a side thereof, at least 
one electrically conductive stylet disposed within the catheter and having a 
sharp distal tip for puncturing tissue, means for advancing the stylet 
outwardly through stylet port and through intervening tissue to said target 
tissue, a dielectric sleeve disposed coaxially about the electrically conductive 
stylet, and a conductive layer disposed coaxially about the dielectric sleeve 
with the electrically conductive stylet protruding from the sleeve to form an 
antenna for radiating electromagnetic energy into the target tissue. 
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5. The medical probe of Claim 4 wherein the stylet projects from 
the sleeve to form an antenna for radiating microwave energy into the target 
tissue. 

6. The medical probe of Claim 4 wherein the dielectric sleeve and 
the conductive layer are movable longitudinally of the electrically conductive 
stylet to expose a selected portion of the stylet in the target tissue. 

7. The medical probe of Claim 4 wherein the stylet projects from 
the sleeve to form an antenna for radiating radio frequency energy into the 
target tissue. 

8. A medical probe for delivering ablative power to target tissue, 
comprising a catheter having at least one stylet port in a side thereof, at least 
one electrically conductive stylet disposed within the catheter and having a 
sharp distal tip for puncturing tissue, means for advancing the stylet 
outwardly through the stylet port and through intervening tissue to the target 
tissue, a first dielectric sleeve disposed coaxially about the electrically 
conductive stylet, a conductive layer disposed coaxially of the first dielectric 
sleeve and a second dielectric sleeve disposed coaxially of the conductive 
layer to form an antenna for radiating electromagnetic energy into the target 
tissue. 

9. The medical probe of Claim 8 wherein the stylet projects from 
the first dielectric sleeve to form an antenna for radiating microwave energy 
into the target tissue, 

10. The medical probe of Claim 8 wherein the stylet projects from 
the first dielectric sleeve to form an antenna for radiating radio frequency 
energy into the target tissue. 

11. The medical probe apparatus of Claim 8 wherein the first 
dielectric sleeve and the conductive layer are movable longitudinally of the 
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electrically conductive stylus to expose a selected portion of the stylus In the 
target tissue to tune the antenna to the frequency of the electromagnetic 
energy. 

12. The medical probe of Claim 8 wherein the second dielectric 
sleeve is movable longitudinally of the conductive layer to expose a selected 
portion of the conductive layer in said target tissue. 

13. A medical probe for delivering ablative energy to target tissue, 
comprising a catheter having at least one stylet port in a side thereof, at least 
one electrically conductive stylet disposed within the catheter and having a 
sharp distal tip for puncturing tissue, means for advancing the stylet 
outwardly through the stylet port and through intervening tissue to the target 
tissue, an insulating sleeve disposed coaxially of the electrically conductive 
stylet, a conductive layer disposed coaxially of the insulating sleeve, and a 
resistive element coupled between the electrically conductive stylet and the 
conductive layer for generating heat energy and delivering said heat energy 
to the target tissue when electromagnetic power is applied to the stylet, 

14. The medical probe of Claim 13 wherein the electromagnetic 
power applied to the stylet is radio frequency energy. 

15. The medical probe of Claim 13 wherein the electromagnetic 
power applied to the stylet is microwave energy. 

16. The medical probe of Claim 13 wherein the conductive layer 
and the dielectric sleeve are movable longitudinally of the electrically 
conductive, stylus to expose a selected portion of the stylus in the target 
tissue. 

17. A medical probe for delivering ablative power to target tissue, 
comprising a catheter having at least one stylet port in a side thereof, at least 
one electrically conductive stylet disposed within the catheter and having a 
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sharp distal tip for puncturing tissue, means for advancing tine stylet 
outwardly through the stylet port and through intervening tissue to the target 
tissue, a dielectric sleeve disposed coaxially of the electrically conductive 
stylet, a conductive layer disposed coaxially of the dielectric sleeve, and a 
conductive sleeve disposed coaxially of the conductive layer to form an 
antenna for emitting electromagnetic energy to the target tissue. 

18. The medical probe of Claim 17 wherein the electromagnetic 
energy is radio frequency energy. 

19. The medical probe of Claim 17 wherein the electromagnetic 
energy is microwave energy. 

20. The medical probe of Claim 17 wherein the conductive layer 
and the dielectric sleeve are movable longitudinally of the electrically 
conductive stylus to expose a selected portion of the stylus in the target 
tissue to tune the antenna to the frequency of the electromagnetic energy. 

21. The medical probe of Claim 18 wherein the conductive sleeve is 
movable longitudinally of the conductive layer to expose a selected portion of 
the conductive layer. 

22. A medical probe for delivering ablative heat energy to target 
tissue, comprising a catheter having at least one stylet port in a side thereof, 
at least one electrically conductive stylet disposed within the catheter and 
having a sharp distal tip for puncturing tissue, means for advancing the stylet 
outwardly through at the stylet port and through intervening tissue to the 
target tissue, an insulating sleeve and a resistive element disposed coaxially 
of the electrically conductive stylet, with the resistive element being disposed 
fonvard of the insulating sleeve toward the distal end of the stylet, a 
conductive layer disposed coaxially about the insulating sleeve and the 
resistive element, the resistive element being coupled electrically between the 
stylet and the conductive layer and being adapted to generate heat which is 
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radiated into the target tissue upon application of electromagnetic power to 
the stylet. 

23. The medical probe of Claim 22 wherein the resistive element 
comprises a radio frequency resistive paste and the electromagnetic power is 
radio frequency energy. 

24. The medical probe device of Claim 22 wherein the conductive 
layer comprises silver metal. 
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